ABSTRACT
INTRODUCTION
Since the advent of science based agriculture, the primary focus has been towards increasing yield through integration of cultural, agronomic practices and enhanced genetics.
Plant breeding, a major wing in agricultural research, has been proven to be sound in many instances. World average cereal yields had seen an increase from 1.35 to 3.51 tonnes per ha from 1961 to 2009. Total cereal production was increased by 183% from 877 million to 2489 million tonnes with only 9% expansion in land use (Prohens 2011) . In the high Andes of Peru, a 50% yield increase was realized with the planting of stronger and healthier varieties of barley producing an average harvest of 1.2 tonnes per ha (IAEA 2015) . In the United States, maize breeders exploiting hybrid vigour since 1939 succeeded in improving commercial grain yield from 1.3 tonnes per ha in 1939 to 7.8 tonnes per ha in 2005, translating to an increase of 500% in 66 years (7.6% per year) (Lee & Tracy 2009) .
Breeding for most hybrid crops (annual and perennial) can be explained by two general schemes widely used by researchers, the Modified Recurrent Selection (MRS) and the Reciprocal Recurrent Scheme (RRS). Each of these schemes comes with their own advantages. The MRS focuses attention on establishing crosses with high General Combining Ability (GCA) whereas the RRS enables the selection for Specific Combining Ability (SCA) (Rajanaidu et al. 2013) . GCA is defined as the average performance of a line in hybrid combination whereas SCA refers to certain combinations in the population with better or worse performance than the average (Sprague & Tatum 1942) .
Following realization of its yield potential and profitability, research in oil palm agronomy and breeding gained impetus leading to expanded commercialization in the early 1900s. For the initial phases of expansion in land areas, fruits from high yielding dura (thick shelled) palms were collected, germinated and planted. Variability in yield and vegetative parameters led to selection of individual palms for the creation of specific control pollinated crosses and thus commencing oil palm breeding. In 1941, a milestone was reached to revolutionize the oil palm industry. The discovery of the shell thickness inheritance by Beirnaert and Vanderweyen (1941) , switched commercial plantings from dura to tenera (thin shelled variety) and led to an estimated 30% oil yield gain. Following this, much attention was focused on dura x tenera (DxT) and dura x pisifera (DxP) crosses for commercial planting after the acquisition of various pisifera materials through collaborative works with research organizations such as Institut de recherche pour les huiles et oléagineux (IRHO), Nigerian Institute for Oil Palm Research (NIFOR) and Institut national pour les études agronomiques du Congo belge (INEAC). It was at this point in time that research departments throughout Malaysia launched aggressive and elaborate breeding schemes aimed at increasing yield. Most companies in Malaysia have at present been planted with second, third and in some cases fourth generations with continuous improvement in planting material. As of year 2015, a total of 5.3 million ha were planted with oil palm in Malaysia producing 19.96 million tonnes of crude palm oil averaging to 3.78 tonnes oil per ha (MPOB 2016) .
United Plantations Berhad (UP) is a public listed company with 11 plantations in Peninsular Malaysia covering 38,903 ha comprising 92% oil palm and 8% coconut. United Plantations Research Department (UPRD), located in Jendarata Estate, is an integral component of the group. With over 50 years of research experience, the department's core activities include the production of high yielding oil palm, coconut and banana planting material, and applied research as well as advisory services. UPB's group yield averaged at 5.25 tonnes oil per ha over 45,095 ha in 2015.
Conventionally, DxP crosses in UPB were created with highly in-bred pure lines of a single lineage in both the dura and pisifera materials to maximize on heterosis forming the standard two way (TW) cross. This proved highly successful in early years with commercial yield touching six tonnes oil per ha and the materials planted showing high uniformity. Breeding for conventional TW crosses continued up to the early 1990s until new conundrums were thrown at breeders. The oil palm industry was faced with ganoderma (a soil-borne fungal pathogen) and stagnating yields. Being one of the oldest commercial plantations in Malaysia, most fields in their second generation of planting were severely infested with ganoderma, leading to a 30% loss in stand by the 20th year after planting. In its plight to push yield barriers and possibly solve the ganoderma problems, UPB ventured into the possibility of multi-way (MW) crosses. Breeding programs were altered to combine different bloodlines both in the dura and pisifera families through elaborate introgressive breeding programmes. New mixed blood dura and pisifera are continuously progeny tested to evaluate yield components as well as disease tolerance or resistance.
Dura improvement programme in UPB traces back to the 1920s where the first collection was obtained from Marihat Baris Estate of Indonesia which was derived from the avenue palms in Medan (Indonesia) originating from the famous four Bogor Palms. These UPB Deli collections were expanded with the addition of duras from Elmina, Klanang Baru (Banting), Ulu Remis and Johor Labis through participation with the DOA organized Cooperative Breeding Scheme (CBS) in the late 1950s to the early 1960s. Consecutively, Dabou Deli crosses from IRHO were procured and planted in 1970. These bloodlines were maintained as BPRO (breeding populations of restricted origin) to maximize on uniformity. Thereafter, with the foresight for ganoderma tolerance, inter-origin crosses amongst duras were preferred. Concomitantly, yields increased with greater heterosis between the pure lines, culminating in UPB's mixed blood duras. In recent years, Angolan duras as well as other Nigerian based duras identified for novel traits were acquired from MPOB. Since the introduction of the first dura planting material at UPB in 1918, dura populations have gone through eight generations of selection and improvement.
The earliest pisifera population used in UPB for commercial DxP evaluation in the early 1960s on the other hand is speculated to be of Calabar origin. This population is now recognized as the Jendarata TT. Further, UPB acquired INEAC, Serdang and Highlands materials which are conjectured to be through the CBS programme. A major impact in pisifera improvement was the addition of Yangambi, LaMe and Yocoboue Teneras in the 1970s from IRHO. One of the first records of mixed blood pisiferas is the crossing of AVROS pollen received from OPRS Banting into the Jendarata TT. Success in progeny testing of these JenTT/AVROS led to the development of an elaborate breeding programme in which mixed blood pisifera lines were developed and the progeny was tested. Breeding for materials with high IV and dwarf characteristics led to the procurement of Nigerian populations from MPOB. Currently, pisiferas used in the commercial seed production are primarily of mixed blood lines of three to four origins and pure lines of Yangambi which has been improved over three generations.
DxP testing, commonly referred to as progeny testing, is a key step in oil palm breeding enabling the identification of top yielding families. Subsequent statistical analysis thereafter helps identify parents for GCA or SCA based on the performance of the single parent in multiple crosses. In the past, major parameters used as selection criteria in progeny evaluations were fresh fruit bunch (FFB) weight and ratio of oil to bunch (OB). Selection for large bunch weight was replaced with high bunch number due to logistical problems in harvesting and loading as well as inefficient mill processing. Unforeseen to the breeders, increased bunch number corresponds to high sex ratio which can become problematic with regards to pollination efficiencies. Presently, several parameters are included in the selection of progeny parents. Amongst them are FFB yields, OB, sex ratio (through male flower count), disease tolerance, oil quality and desired vegetative traits (low height increment and frond length). At UPB, over 1400 progenies of different parent sources have been evaluated since 1970. This paper evaluates the performance of MW progenies as compared to TW progenies. Mixed bloodlines forming MW crosses are primarily combinations of Deli, Nigerian, NIFOR, Yangambi, Yocoboue and LaMe origins whereas pure-lines forming TW crosses are of Deli and Yangambi or NIFOR origins. Three yield components (average bunch weight (ABW), bunch number (BNO) and FFB) as well as eight bunch components (fruit to bunch (FB), kernel to bunch (KB), OB, shell to bunch (SB), mesocarp to bunch (MB), oil to dry mesocarp (ODM), oil to wet mesocarp (OWM) and mean fruit weight (MFW)) were analysed.
MATERIALS AND METHODS EXPERIMENTAL DESIGN
A trial was set up and planted in July 2004 at Jendarata Estate, United Plantations. 10 MW progenies (comprising three, four and five way crosses) and 10 TW crosses were planted in a Randomized Complete Block Design (RCBD) with four replicates. Details of crosses are listed in appendix. Plot size was 20 palms plot -1 and spaced at 29 feet in equilateral triangle to form a planting density of 148 palms ha -1 . Soil type in planted area was Jawa series, an acid sulphate soil commonly found in Jendarata Estate. Maintenance of palms in the trial was as UPB standard estate practice.
DATA COLLECTION
Following maturity at the 32nd month, palms were evaluated for a six year period (2007 to 2012). Yield measurements were carried out at every harvest to record bunch weight and bunch number. Bunches were collected and subjected to bunch analysis for assessment of bunch components (approximately 100 bunches were analysed per progeny over the evaluation period). Biannual censuses were conducted to monitor palm health as well as other unique phenotypical traits. Palms which were diseased or dead were completely removed from evaluation and not used in calculations of progeny means.
DATA ANALYSIS
All the collected data of yield and bunch components from bunch analysis was subjected to statistical analysis using Statistical Analysis Software (SAS ver. 9.1). Univariate analysis was used to compute progeny means, standard error and coefficient of variance. ANOVA/GLM was run using progeny means by replicate to obtain variance components. Phenotypic and genotypic variances were estimated using formulas suggested by Burton and de Vane (1953): = genotypic variance, = phenotypic variance, = environmental variance, MS g -mean square due to genotypes, MS e -error mean square, r = number of replications.
Phenotypic and genotypic coefficient of variance was estimated using formulas adopted by Johnson et al. (1955) :
PCV = phenotypic coefficient of variance, GCV = genotypic coefficient of variance, σ p = phenotypic standard deviation, σ g = genotypic standard deviation, = mean.
Broad sense heritability (h 2 ) for traits was calculated using the formula by Allard (1960) .
Year was not used as an effect for yield traits as it consistently gave significant difference. This was not because of the year effect itself but due to increasing yield production trends. Variances were instead calculated using means of progenies in each rep averaged over six years of recording. Analysis of variance for yield traits carried out using means of REP for each year showed high significant differences for year in both varieties (Table 5 ). This was most likely not caused by environmental factors but instead due to the influence of yield production trend (increasing from the first to sixth year), further strengthened by significant year by ID differences in most traits. Significant differences were also seen in genotype (ID) for both MW and TW indicating the presence of high variability between crosses (Table 6 ). Significant replicate differences were present for all traits except ABW in TW. Differences seen in replicates show the significant environmental influence on the performance of varieties. CV% for all traits were in general higher in the MW compared to TW owing to higher segregation and less uniformity. Two way  TW1  TW2  TW3  TW4  TW5  TW6  TW7  TW8  TW9  TW10 35 Genotypic and phenotypic coefficients of variation were calculated using means of progenies within REPs averaged over years for both yield traits and bunch components (Table 7) . Initial ANOVA by year showed high year influence for all traits studied. Averages over years were used instead to study only the replicate effect to enable easier computation of GCV and PCV. In all cases, PCV was higher than GCV indicating environmental factors influencing their expression to varying extents. GCV and PCV values below 10 were considered low, 10 to 20 considered moderate and above 20 considered high (Deshmukh et al. 1986 ). Narrow differences between PCV and GCV implied a relative resistance to environmental alteration (Okoye et al. 2009 ). With regards to this, GCV and PCV traits for all yield components were low with the exception of ABW for MW which was moderate. ABW and FFB in TW showed wide differences between PCV and GCV indicating a larger environmental influence.
Heritability in broad sense is a measure of range between the GCV and PCV indicating the extent of resistance to environmental alterations (Table 7) . A wide range of heritability was seen in computed results for yield traits and bunch components. BNO and ABW to a certain extent showed high heritability with a range from 69.6 to 82.5. This may be due to the highly divergent genotypes studied (Okoye et al. 2009 Analysis of variance for bunch components were carried out using means of REP averaged over the six years of data collection as most traits studied were ratios of components and not absolute except for MFW (Table  8) . Therefore, it can be assumed that overall influence of 
